BACKGROUND Cardiomyopathies are usually inherited and predominantly affect adults, but they can also present in
Interestingly, the same genetic causes that result in cardiomyopathy in adults are prevalent in the pediatric population (e.g., sarcomeric or cytoskeletal gene mutations) (6) .
Despite recent advances in understanding the genetic etiologies of pediatric cardiomyopathy, a substantial number of cases remain unsolved, suggesting that other genes await discovery. Establishing an underlying genetic cause for cardiomyopathy allows pre-symptomatic identification of family members at risk and facilitates reproductive decision making.
Genetic and genomic studies continue to provide new insights into the pathophysiological processes contributing to cardiomyopathy and will ultimately facilitate development of patient-specific prevention and treatment strategies.
To identify new genes contributing to pediatric cardiomyopathy, we used a combined approach of homozygosity mapping and whole-exome sequencing.
METHODS
We studied 4 individuals with pediatric cardiomyopathy from 2 consanguineous families of Dutch and
Moroccan descent, respectively ( Figures 1A and 1B) . Almomani et al.
genotyping was performed using the Human610-Quad
BeadChip (family A) or HumanCytoSNP-12 v2.1 BeadChip (family B) array with raw data normalized and converted into genotypes using GenomeStudio data analysis software (Illumina, San Diego, California).
Genotype files were uploaded into the web-based tool
HomozygosityMapper to detect homozygous stretches (>5 Mb) in patients that were not present in their unaffected relatives (7).
WHOLE-EXOME SEQUENCING. Genomic DNA was sheared by sonication, then the size distribution of the fragmented DNA was analyzed, targets were captured, and paired-end sequencing (2 Â 101 bp)
performed. The sequence reads were mapped and aligned against the human reference genome GRCh37/hg19 (Online Appendix). Variant calling was performed, and variants were filtered on quality (read depth $6) and location (within an exon or 
Almomani et al. glutamax, in atmospheric oxygen and 5% CO 2 at 37 C.
Total RNA was extracted, and reverse-transcription PCR was performed using gene-specific primers designed to amplify the exon expected to be affected by the mutation and flanking sequences (Online Figure 1 ). The resulting PCR products were examined by 2% agarose gel electrophoresis and subsequently subjected to Sanger sequencing. analyzed by laser scanning confocal microscopy.
RESULTS
Results are summarized in Table 1 Echocardiography revealed no abnormalities in his parents (ages 34 and 31 years), 2 brothers (ages 9 and 6 years), and sister (age 7 years).
In family B, the first pregnancy of these healthy consanguineous Moroccan parents (IV:1) ( Figure 1B) included prenatal ultrasound examination at 33 weeks of gestation, revealing generalized hydrops fetalis and cardiomegaly with reduced contractility.
The pregnancy ended in intrauterine fetal death ( Figure 1C , Table 1 ). His affected father and paternal uncle were heterozygous carriers; no additional mutation in the known cardiomyopathy genes was found (Online Appendix). In the remaining cohort, no additional mutations in ALPK3 were identified.
Further studies will be performed in these patients to discover novel disease genes. Figure 1 .
Almomani et al. Immunoreactive signals for plakoglobin and desmoplakin are absent at intercalated discs in the sample from patient A-IX:2, whereas signal levels for plakophilin-2, N-cadherin, and connexin-43 are normal when compared with the control samples.
Almomani et al. Deficiency of alpha-kinase 3 (ALPK3) modifies the expression of other transcription factors and downstream target genes. These changes affect desmosome composition and will, putatively via modified Wnt signaling, ultimately result in alterations of cellular processes, like subendothelial fibroelastosis and intercalated disc remodeling, characteristic of cardiomyopathy.
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